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Abstract
Background and Objectives
Autoimmune-associated epilepsy (AAE) with antiglutamic acid decarboxylase 65 (GAD65) an-
tibodies is considered a T-cell–mediated encephalitis that evolves to drug-resistant epilepsy.We do
not have an effective therapeutic strategy for these patients. Because the GAD enzyme is primarily
responsible for the conversion of glutamate to GABA, the mechanism of epileptogenesis in this
condition predicts decreased levels of GABA content in synaptic vesicles. Cenobamate (CNB) acts
as a positive allosteric modulator at synaptic and extra synaptic GABAA receptors, producing
increased inhibitory neurotransmission in the brain. This mechanism could be especially beneficial
in AAE with anti-GAD65 antibodies because it would be able to correct the imbalance due to the
GABAergic stimulation deficit in postsynaptic neurons.

Methods
We recruit a retrospective multicentric consecutive case series of AAE with anti-GAD65 an-
tibodies from 5 epilepsy units in Spain who have received treatment with CNB.

Results
A total of 8 patients were recruited. This cohort of highly refractory patients have failed a mean
of 9.50 (SD = 3.20) ASMwithout control of seizures for sustained periods of time. The average
number of seizures per month during the previous 3 months before CNB treatment was 19.63
(SD = 17.03). After the introduction of CNB improvement was achieved in all our patients,
with a median reduction in the number of seizures of 92.22% (interquartile range [IQR]:
57.25–98.75). Themean follow-up was 156.75 days (SD = 68.23). In patients with concomitant
treatment with clobazam (CLB), the median percentage of seizure reduction was higher than
those not taking CLB: 94.72% (IQR: 87.25–100) vs 41.50% (p = 0.044) and also higher than
the control group of patients with refractory epilepsy not related to anti-GAD65 treated with
the same combination: 94.72% (IQR: 87.25–100) vs 45.00% (IQR: 25.00–87.00) (p = 0.019).

Discussion
Treatment with the combination CNB + CLB could be a type of personalized medicine in
patients with AAE with anti-GAD65. Our preliminary data will need to be endorsed with new
prospective and controlled studies.
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Introduction
Epilepsy is a long-lasting predisposition to generate seizures,
due to hyperexcitability and hypersynchrony of neuron net-
works, with a neurobiological, cognitive, psychological, and
social impact.1 Significant work has been performed in recent
years to increase the accuracy of epilepsy diagnosis, including
immunologic, genetic, and structural causes, followed by the
development of personalized treatments in what has been
called "precision medicine."

This is especially important for some epilepsies, such as auto-
immune epilepsy (AE), where existing antiseizure medications
(ASMs) have not been able to significantly improve clinical
outcomes. For this reason, one of the hottest areas of epileptology
research now is AE. The conceptual characteristics of these en-
tities have been the subject of an interesting discussion in recent
years.2 So, a proposal by the ILAE Autoimmunity and In-
flammationWorking Group suggests replacing the term AE with
“acute symptomatic seizures secondary to autoimmune enceph-
alitis” and “autoimmune-associated epilepsy” (AAE).3 This dis-
tinction better reflects whether there is a lasting predisposition to
seizures, as would be expected in a chronic epilepsy.

One of these situations of AAE occurs in “chronic auto-
immune encephalitis” where T-cell–mediated autoimmu-
nity predominates4 limbic encephalitis associated with
intracellular antineuronal antibodies, onconeuronal anti-
bodies,5 or antiglutamic acid decarboxylase 65 (GAD65).6-8

From a therapeutic perspective, most of these individuals
develop drug-resistant epilepsy (DRE) and demand the use of
immunomodulatory medications, which are occasionally
unsafe.6,7 So, at the present time, we do not have a highly
effective therapeutic strategy for these patients and a new
therapeutic alternative is highly needed.8,9

AAE associated with anti-GAD65 antibodies can be consid-
ered the paradigm of this type of disease, and its clinical
expression includes memory impairment, DRE with temporal
lobe seizures, and alteration of behavior.

The primary inhibitory neurotransmitter in the brain is
gamma-aminobutyric acid (GABA). The enzyme GAD limits
the rate at which glutamate is converted to GABA.10 The
brain contains 2 forms of GAD: GAD65 and GAD67.11 An-
tibodies against the b78 epitope have been shown to prevent
GAD65 from binding to the cytosolic face of synaptic vesicles

that contain GABA, inhibiting GABA production in nerve
terminals, and blocking the exocytosis of GABA in synaptic
vesicles.12,13 As a result, there would be less GABA available in
the synaptic cleft and more presynaptic glutamate.14

Cenobamate (CNB) is an ASM approved by the US FDA and
EMA for the treatment of focal onset seizures with or without
secondary generalization in adult patients with epilepsy who
have not been adequately controlled despite a history of
treatment with at least 2 ASM.15 It has been demonstrated that
CNB act as a positive allosteric modulator at synaptic and extra
synaptic GABA-A receptors, altering both phasic (Iphasic) and
tonic (Itonic) currents, thus increasing inhibitory neurotrans-
mission in the brain. This particular GABA-modulating effect
distinguishes CNB from other GABAergic medications.16

From a theoretical point of view, this mechanism of action
could be especially beneficial in AAE with Anti-GAD65 an-
tibodies because CNB could potentiate the imbalanced
GABA inhibition currents at postsynaptic levels.

We present 8 cases of AAEwith anti-GAD65 antibodies with a
very good response to CNB treatment.

Methods
We recruit a consecutive case series collected retrospectively
from the databases of patients with DRE at the hospitals
included in 2 research networks in Spain, the Clinical and
Translational Research Network of Andalusia (Neuro-
RECA), and the autoimmune pathology working group of
the Spanish Society of Epilepsy (SEEP).

Inclusion Criteria
(1) To meet the diagnostic criteria for AAE with anti-GAD65
antibodies and (2) to have undergone CNB treatment for at
least 90 days from the start of the treatment up until March 1,
2023, the date chosen for the database’s closure.

Patients with other possible etiologies for their epilepsy were
excluded from the study.

Determination of Anti-GAD65 Antibodies
Serum and CSF anti-GAD65 autoantibodies were estimated
by ELISA or immunoblot.

An anti-GAD65 ELISA kit (RSR Ltd., Cardiff, UK) was used
for the detection of autoantibodies with an optimum cut-off

Glossary
AAE = autoimmune-associated epilepsy;AE = autoimmune epilepsy;ASM = antiseizure medications;CLB = clobazam;CNB =
cenobamate; DRE = drug-resistant epilepsy; GABA = gamma-aminobutyric acid; GAD65 = glutamic acid decarboxylase 65;
IQR = interquartile range; SEEP = Spanish Society of Epilepsy; SmPC = summary product characteristics; VGSC = voltage-
gated sodium channels.
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value of 1250 U/mL. The samples, calibrators, and controls
were incubated for at least half an hour in GAD65-coated
ELISA plate wells followed by washing to remove the
remaining unfixed antibodies. GAD65 biotin was added to
each well, and the bound complex was then quantitated by the
addition of streptavidin peroxidase and tetramethyl benzidine
as colorogenic peroxidase substrates. The absorbance was
measured using an ELISA plate reader at 405 nm and then
450 nm after the addition of stop solution (0.25M H2SO4) to
obtain the calibration curve. The international standardWHO
Reference Preparation NIBSC 97/550 was used as a calibra-
tor. The assay had a measurement range of 5–2,000 U/mL, a
sensitivity of 92%, and a specificity of 99%.

Immunoblots were performed using a commercial kit with
blot strips (EUROIMMUN, Lübeck, Germany). The pa-
tient samples were diluted 1:100 with sample buffer. The
test strips were incubated with the samples for 30 minutes
after being coated with parallel lines of highly purified an-
tigens and antigen fragments. After washing, the detection
of bound antibodies requires a second step of incubation
with a solution of alkaline phosphatase–labeled anti-human
IgG. Nitroblue tetrazolium chloride/5-bromo-4-chloro-3-
indolyl phosphate (NBT/BCIP) was used as the substrate
to produce the color reaction. The test strips were air-dried,
and the bands were scanned and evaluated using EURO-
LineScan (EUROIMMUN). Samples were considered
positive when presenting signal intensities >10. The posi-
tive samples were randomized and anonymized and sent to
EUROIMMUN for blind testing with 2 confirmation tests
using indirect immunofluorescence on frozen rat brain
sagittal sections, either using a cell-based assay or a stan-
dard immunofluorescence assay with cells transfected with
the plasmid of interest. Serum strong positivity (titer >1:
3,000) was considered valid.

Titration of CNB
Titration of CNB was performed similarly according to the
summary product characteristics (SmPC) in all patients
starting at 12,5 mg per day and increasing every 2 weeks
to the initial target dose (25, 50, 100, 150, 200, 250, or
300 mg).

Variables
1. Efficacy variable: Average reduction in seizures

measured by quotient between last month and 3
months before treatment with CNB.

2. Other variables:
c Demographic and clinical variables: sex, age,

duration of epilepsy, epileptogenic focus, history of
encephalitis, previous or concomitant immunother-
apy, previous surgical procedures, previous ASM,
concomitant ASM, mean seizures/month before
CNB, follow-up, mean of seizures/month (after
CNB), adverse effects, and dose of CNB last follow-
up and % of seizure reduction were collected for all
patients included.

c Ancillary test results: 3T brain MRI, brain FDG
PET-TC, EEG or video EEG, serum autoimmu-
nity study, and CSF autoimmunity study were
collected for all patients included.

c Neuropsychological profile: Cases 1 and 2 were
enrolled in an unpublished prospective trial with the
aim of evaluating the effect of CNB on cognitive
functions.We gathered information on these patients’
executive functions (Trail-Making Test B17 and Rey-
Osterrieth complex figure test18), attention (Trail-
Making Test A17), and episodic memory (measured
by the Free and Cued Selective Reminding Test18

and Rey-Osterrieth complex figure test18) before the
start of treatment and 6 months later.

Control Group
To make our study more statistically significant, we chose to
compare our cases with a control group of patients who were
given the CNB + CLB combination taken from the cenobamate
early access program. All patients in the database of refractory
epilepsy from only one of the epilepsy units that participated in
the study (Unit of the Regional University Hospital of Málaga)
who received concurrent treatment with the CNB + CLB com-
bination and whose etiology of refractory epilepsy was unrelated
to the presence of anti-GAD antibodies 65 were without excep-
tion included in the control group.

Statistical Analysis
The Kolmogorov-Smirnov and Shapiro-Wilk tests were used to
determine the normality of the distribution of the data for nu-
merical data. The mean, SD, and/or median of continuous
variables are used to summarize them. The percentage of pa-
tients is used to represent categorical variables. Depending on
the sample’s normality, either the Student t test or the Mann-
Whitney/Kruskal-Wallis test was applied. The Levene test was
used to analyze the equivalence of variances. Owing to the
descriptive nature of the study, which was a retrospective case
series, sample size and study power were not calculated. Data
were analyzed using version 25.0 of IBM SPSS (Statistical
Package for Social Sciences) (IBM Corp., Armonk, NY).

Standard Protocol Approvals, Registrations,
and Patient Consents
The Declaration of Helsinki was followed when conducting
the study. Because this study is retrospective in nature, ethical
review and approval were waived. Each patient signed the
Neurology Service’s general informed permission form
allowing us to use their data for research.

Data Availability
Anonymized data not published within this article will be
made available by request from any qualified investigator.

Results
A total of 8 patients who met the inclusion criteria from 5
Neurology Services (Regional University Hospital of Málaga,
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Hospital Cĺınic of Barcelona, Center for Advanced Neurology
of Seville, Virgen de la Victoria University Hospital of Málaga,
and Vithas Málaga Hospitals) were recruited. We include a
brief clinical description of each of them. Table 1 shows us the
patient’s baseline features.

Case 1
A 29-year-old woman with autoimmune hypothyroidism as a
comorbidity and no other relevant antecedents. In 2012,
during a period of increased stress, she had a generalized
tonic-clonic seizure. From that moment on, she began with
repetitive episodes of feeling familiarity (déjà vu) with sub-
sequent loss of awareness for one or 2 minutes.

The patient received 4 ASM with no improvements in seizure
frequency before the start of CNB. The seizure frequency
ranged from 12 to 20 seizures per month. Treatment with oral
prednisone and IVIG was performed, which slightly improved
the frequency of seizures. The patient initiated treatment at a
dose of 12,5 mg and increased it progressively every 2 weeks
following the SmPc recommendations of up to 150 mg per
day. After 3 months since the treatment onset, the patient has
been seizure-free for the last 2 months.

Case 2
A 45-year-old woman with no relevant antecedents. At age 19,
she began having seizures triggered by music, consisting of
hearing human voices, and a subsequent loss of awareness and
automatic behaviors. Sometimes she had generalized tonic-
clonic seizures. In recent years, she began to have other daytime
episodes in which she was blocked from staring at what was in
front of her without knowing what shemust do at thatmoment,
followed by contractions in the right hemiface, eye revulsion,
and a fall. The frequency of the seizures was variable, ranging
from several per day to several days without seizures.

Treatment with CNBwas startedwith the usual dose escalation
schedule, up to 250mg per day. An approximate 95% reduction
in seizure frequency was achieved after 10months of follow-up.

Case 3
A 49-year-old woman with no history of interest. Comor-
bidity: hypothyroidism and vitiligo. At age 24, she began
having generalized tonic-clonic seizures during sleep. After
those, other stereotyped seizures that began with epigastric
knots, speech arrest, and loss of awareness. Sometimes the
autonomic symptoms are more profuse, with anguish, fear,
and other reflex seizures to musical stimulation that implies an
emotion with the same semiology.

Antiseizure treatment was started with different strategies,
controlling generalized tonic-clonic seizures, but not focal
seizures. Approximate cadence of 18 seizures per month that
worsen with menstruation.

Treatment with CNB was started with the usual dose esca-
lation schedule, up to 150 mg per day. An approximate

reduction of 94% in the number of seizures was achieved after
4.5 months of follow-up.

Case 4
A 43-year-old woman, with no antecedents of interest, who had a
first generalized tonic-clonic seizure during sleep at the age of 24.
A few months later, she began to present with psychic and dys-
cognitive seizures with loss of awareness, sometimes in a clustered
way, which have been repeated with a frequency of 2–3 a week
despite the different treatments. She has been developing a mild-
moderate cognitive impairment, mainly in episodic and de-
clarativememory. InOctober 2022, CNB treatment was added in
the usual schemeof ascending regimens up to 100mg, with a 90%
reduction in the number of seizures in the last 3 months.

Case 5
A 37-year-old womanwith no relevant antecedents at the age of
12 years with focal seizures with loss of awareness and a se-
miological profile of medial temporal lobe epilepsy. Psychiatric
comorbidity includes psychotic episodes and somatic comor-
bidity with type I diabetes mellitus and seropositive myasthenia
gravis. At age 20 years, she underwent a right temporary lo-
bectomy without benefiting from seizure control.

Treatment with CNB was started with the usual dose esca-
lation schedule, up to 200 mg per day. At 5 months of onset,
the patient has been seizure-free for the last 3 months.

Case 6
A 26-year-old woman with a personal history of type I diabetes
mellitus. At the age of 11 years, she began to present seizures that
started with stereotyped nonspecific cephalic discomfort that can
be followed or not by disconnection with oral and manual au-
tomatisms and left arm dystonia. She speaks during seizures,
although she is not legible. The average frequency of these sei-
zures was 24 per month. She received multiple ASMs and im-
munomodulatory treatments, without positive results. Treatment
with CNBwas started with the usual dose escalation schedule, up
to 300 mg per day. An approximate reduction of 79% in the
number of seizures was achieved after 5 months of follow-up.

Case 7
A 21-year-old normal woman with onset at the age of 17 with
seizures with psychic aura (déjà vu) or no aura, loss of
awareness, manual automatisms, and postictal dysphasia. The
frequency of seizures was variable, but the frequency when
CNB started was around 3 per week. Comorbidities: type I
diabetes. Of interest, this patient also has positive anti-Ma2
antibodies in serum and CSF. No tumor has been found. She
received previous immunotherapy with high-dose cortico-
therapy (worsened diabetes), IVIg (no effect), rituximab (no
effect), and plasma exchange (no effect).

Treatment with CNB was started with the usual dose esca-
lation schedule, up to 100 mg per day. An approximate re-
duction of 33,3% in the number of seizures was achieved after
more than 4 months of follow-up.
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Table 1 Clinical and Demographic Data

Case 1 2 3 4 5 6 7 8 Case group (N = 8)

Sex F F F F F F F F 100% F

Age 29 45 49 43 37 26 21 43 36.63 (±10.14)

Duration of epilepsy
(years)

10 26 25 19 25 15 4 7 16.38 (±8.71)

Epileptogenic focus Temporal
bilateral

Temporal bilateral Left
temporal
Lobe

Left
temporal
lobe?

Temporal bilateral Left
temporal
lobe

Temporal
bilateral

Left temporal lobe 50% temporal bilateral

History of encephalitis No No No No No No No No 100% No

Immunotherapy Yes (IVIg) No No No Yes (IVIg) Yes
(rituximab)

No Yes (rituximab +
plasmapheresis)

50%
Yes

Previous surgical
procedure

No No No No Yes (temporal
lobectomy)

No No No 12.5%
Yes

Previous ASM 4 10 12 12 13 11 6 8 9.50 (±3.20)

Concomitant ASM when
CNB was initiated (Dose
in mg/24 h)

BVR (200 mg)
LCS (400 mg) CLB
(10 mg)

LTG (300 mg)
CLB (20 mg)

LTG
(400 mg)
CLB (15 mg)
PER (10 mg)

BRV
(250 mg)
CLB (20 mg)

LCM (500 mg)
CLB (20 mg)
VPA (800 mg)

CBZ (1,200
mg)
CLB (30 mg)
TPM (300)

LCS
(300 mg)
PER (6 mg)
BRV
(200 mg)

LEV (2000 mg)
OXC (1,200 mg)

—

Mean of seizures/month
(before CNB)a

16 60 18 10 9 24 12 12 20.13 (±16.84)

22.8 (±19.02)
with CLB

12.0 (±0.0)
without CLB

Follow-up (d) 90 306 142 139 163 184 138 92 156.75 (±68.23)

Mean of seizures/month
(after CNB)

Free 3 1 1 Free 5 8 6 Global: 3.00 (±3.02)

1.67 (±1.96) with
CLB

7.00 (±1.41)
without CLB

Adverse effects Bradypsychia and
tiredness

Dizziness, unsteadiness,
mood disturbance

Somnolence Somnolence Dizziness, unsteadiness,
bradypsychia

No No No 75% some type of adverse effect

Dose of CNB last
follow-up (mg/d)

150 250 150 100 200 300 100 150 175 (±70.71)
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Case 8
A 43-year-old university woman with episodes of epigastric and
psychic (déjà vu/fear) or autonomic symptoms, followed by loss
of awareness with oral and manual automatisms, and postictal
dysphasia that appeared for the first time in 2004. Sometimes she
retains awareness, but she is unable to speak or understand
spoken or written language. Very rarely, it evolves to focal to
bilateral tonic-clonic seizures. Type I diabetes was diagnosed in
2011 (after seizure onset). Depressive syndrome treated with
antidepressive drug in the past. She has received immunotherapy
without benefit: rituximab, plasma exchange, and IVIg.

Treatment with CNB was started with the usual dose esca-
lation schedule, up to 100 mg per day. An approximate re-
duction of 50% in the number of seizures was achieved after 5
months of follow-up.

The main clinical and demographic variables of all patients
and the most significant results in ancillary tests are shown in
Tables 1 and 2, respectively.

As can be seen in Table 1, our patients were highly refractory.
Specifically, the average evolution of their epilepsy was 16.38 years
(SD = 8.71), and they had failed a mean of 9.50 (SD = 3.20)
previous ASMs before the attempt at treatment with CNB. 7/8 of
our patients met absolute DRE criteria, defined as the failure of at
least 6 ASM.19 The average number of seizures per month during
the previous 3 months was 19.63 (SD = 17.03). Four of them
(50%) had previously received immunomodulatory treatment
(IVIg, rituximab, plasmapheresis, or a combination of treatments),
and in case 5, a previous temporal lobectomyhad been performed,
but with unsuccessful results. All these data are indicative of the
extreme degree of refractoriness of these patients, as expected in
patients diagnosed with AAE with anti-GAD65 antibodies. Not
surprisingly, as published in the scientific literature, it is known that
only 8% of patients with GAD65 epilepsy responded to ASM.20

However, after the introduction of CNB at a medium dose of
175 mg per day (SD = 70.71) with a mean follow-up of 156.75
(SD = 68.23) days, improvement was achieved in all our
patients, with an average seizure frequency reduction of
80.18% (SD = 25.19) and a median of 92.22%. If we consider
as responders, patients who reduce the number of seizures to
50%, the percentage of responders in our series was 87.5%.

The fact that 75% of our patients were also receiving therapy for
concurrent CLB is an important consideration. The median
percentage of seizure reduction in these patients (cases 1 to 6)
was larger than in those who were not taking CLB (cases 7 and
8): 94.72% (interquartile range [IQR]: 87.25–100.00) vs 41.50%
(p = 0.044). In particular, patients receiving CLB simultaneously
experienced a reduction in seizures from an average of 22.8 per
month (SD = 19.02) to 1.67 per month (SD = 1.96), with 2 of
these patients experiencing seizure-free (see Table 1).

Table 3 shows the comparison of the main clinical and efficacy
variables of the subgroup of cases treated with CNB + CLB vsTa
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Table 2 Results of Complementary Tests

Case 3T brain MRI Brain FDG PET-TC EEG or video EEG Serum autoimmunity study

CSF
autoimmunity
study

1 Incipient right hippocampal
sclerosis.

Moderate hypometabolism in
the
right temporal pole and right
mesial
temporal cortex.

Paroxysmal left frontotemporal spikes
and independent right temporal spikes.

IIF with transfected cells: anti-GAD65 Ab positivity, very
strong positive: 1:10.000.
Immunoblot: EUROLineScan scanner signal intensity
+++, strong positive: >50
Other Ab negatives.

Anti-GAD65 Ab
positive.
Other Ab
negatives.

2 Normal Significant bilateral
hippocampal
hypometabolism

Frequent paroxysms of spike waves and spikes in right temporal
region. Numerous focal seizures of right temporal origin and
secondary generalization

ELISA: anti-GAD65 Ab positivity positive: >250 U/mL
IIF with transfected cells: anti-GAD65 Ab positivity, very
strong positive: 1:10.000.
Immunoblot: EUROLineScan scanner signal intensity
+++, strong positive: >50
Other Ab negatives

Anti-GAD65 Ab
positive.
Other Ab
negatives.

3 Normal Not available Bilateral independent temporal interictal spikes IIF with transfected cells: anti-GAD65 Ab positivity, very
strong positive: 1:3.200.
Other Ab negatives

Not available

4 Normal Normal Theta waves in left frontotemporal area ELISA: anti-GAD65 Ab positive >1,250 U/mL.
Other Ab negatives

Not available

5 Normal Hypometabolism in medial,
anterior,
and lateral right temporal
lobe areas.

Right frontotemporal interictal activity. Two seizures of right
temporary onset were recorded.

ELISA: anti-GAD65 Ab positive: >2,000 U/mL
Other Ab negatives

Not available

6 Normal Right temporal
hypometabolism before
surgery in 2006.

Left temporal interictal activity ELISA: Anti-GAD65 Ab positivity positive: >3,000 U/mL
Other Ab negatives

Not available

7 Increased signal T2 both
hippocampi. Smaller left temporal
pole

Increased metabolism right
temporal region

Interictal right and left epileptiform activity. Ictal: bilateral right or left ELISA: anti-GAD-65: 1,678.7 U/mL
Confirmed by dot blot.
anti-Ma2 positive by blot

Anti-GAD65: 16.9
U/mL
Confirmed by dot
blot.
Anti-Ma2 positive
by blot

8 Normal Normal Interictal: right and left epileptiform activity.
Ictal: right and left independent seizures were recorded

ELISA: anti-GAD-65: 14,486.0 U/mL.
Other antibodies: negative
Confirmed by dot blot

Not available

Abbreviation: Ab = antibody. Other antibodies include anti-NMDAr; anti-GABAr; anti-AMPAr; anti–potassium channel (VGKC); anti–Hu Ab (Neuronal Core 1); antineuronal-CV2 ab; antineuronal AC-Ma2 Ab; antineuronal-Ri Ab;
anti-recoverine Ab; anti SOX-1 ab; IgG anti-protein DPPX Ab.
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the control group. Median seizure frequency decrease for the
case subgroup was 94.72 percent (IQR: 87.25–100) vs 45.00
percent (IQR: 25.00–87.00) (p = 0.019), demonstrating the
case group’s continued greater efficacy in comparison with
this control group. In comparison with other types of re-
fractory epilepsy, these data indicate that this combination
has a particularly high efficacy in AAE with anti-GAD65
antibodies.

In the section of Supplementary Material, the full clinical data
of the control group (eTable 1, links.lww.com/NXI/A894)
and the data from the neuropsychological study of cases 1 and
2 are presented (eFigure 1, links.lww.com/NXI/A892 and
eFigure 2, links.lww.com/NXI/A893).

Discussion
In this study, we present 8 patients with AAE with anti-
GAD65 antibodies who were retrospectively collected in 5
epilepsy units of the Neuro-RECA and the autoimmune
working group of the SEEP networks. These patients dem-
onstrated that adjunctive therapy with CNB at doses between
100-300 mg/d during routine clinical practice resulted in
significant decreases in seizure frequency. In addition, the
subgroup of 6 patients who received the CNB + CLB
combination demonstrated an especially positive response,
achieving a median percentage of seizure reduction of 94.72
percent, noticeably higher than patients in the case group
treated only with CNB and that of patients treated with

Table 3 Comparison of the Group of Cases Treated With CNB + CLB (N = 6) vs Control Group (N = 20)

Case Cases with CNB + CLB combination (N = 6) Control group (N = 20) p Value

Age (y) NS

Mean (±SD) 38.17 (±9.17) 37.60 (±12.83)

Median (IQR) 40.00 (28.25–46.00) 37.00 (32.50–37.00)

Duration of epilepsy (y) NS

Mean (±SD) 20.00 (±6.51) 22.00 (±12.95)

Median (IQR) 22.00 (13.75–25.25) 19.00 (13.25–27.50)

Previous ASM 0.019

Mean (±SD) 10.33 (±3.26) 7.45 (±2.11)

Median (IQR) 11.50 (8.50–12.25) 7.00 (6.25–8.75)

Seizures/month before CNB NS

Mean (±SD) 22.83 (±19.02) 44.25 (±131.50)

Median (IQR) 17.00 (9.75–33.00) 8 (4.00–30.00)

Follow-up (d) NS

Mean (±SD) 170.67 (±73.32) 161.35 (±86.15)

Median (IQR) 152.50 (126.75–214.50) 126.50 (96.00–208.50)

Seizures/month with final doses of CNB NS

Mean (±SD) 1.67 (±1.96) 26.45 (±88.33)

Median (IQR) 1.00 (1.00–3.50) 4 (1.00–9.50)

Dose of CNB in last follow-up (mg/d) NS

Mean (±SD) 191.67 (±73.59) 170.00 (±59.38)

Median (IQR) 175 (137.50–262.50) 150.00 (150.00–200.00)

Dose of CLB in last follow-up (mg/d) NS

Mean (±SD) 13.33 (±2.18) 14.00 (±6.99)

Median (IQR) 15.00 (10.00–15.00) 15.00 (10.00–20.00)

Median seizure frequency reduction % (IQR) 94.72% (87.25–100) 45.00% (25.00–87.00) 0.019a

Abbreviations: ASM = antiseizure medications; CLB = clobazam; CNB = cenobamate; IQR = interquartile range.
a Levene test of equality of variances: 0.03. Seizure frequency reduction data are expressed asmedian, and the comparison betweenmedianswas performed
by the nonparametric U Mann-Whitney test.
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CNB + CLB but whose refractory epilepsy was unrelated to
anti-GAD65 antibodies.

According to the available epidemiologic data, AAE with anti-
GAD65 may represent 8.7% of cases of nonlesional temporal
lobe epilepsy21 and has always caused serious therapeutic
problems given its proven refractoriness to ASMs and im-
munomodulatory treatments.6,22 In addition, a recent review
of developing therapeutic resources for autoimmune-based
epileptic syndromes did not identify any specifically targeting
AAE with anti-GAD65 antibodies.23 For this reason, any new
therapeutic resource for these patients is of special relevance.

The mechanisms of epileptogenesis in AAE with anti-GAD65
antibodies have been the subject of intense research in the last
years. There is evidence that the GAD65 enzyme is crucial for
the direct synthesis of GABA from astrocytic glutamine using
glutamate.24 In addition, anti-GAD65 antibodies are shown to
cause a decrease in cortical GABA levels in human magnetic
resonance spectroscopy studies.25 Finally, it has long been
understood that decreased GABA levels are linked to higher
seizure rates and epilepsy.26 Overall, these experimental data
enables us to draw the inference that, while we cannot de-
finitively state that anti-GAD65 antibodies are pathogenic in
the full AAE syndrome, they are probably connected to the
epileptogenesis of the syndrome. The main current hypoth-
esis suggests that inhibition of this GAD65 by antibodies may
not only decrease the GABAergic tone in the synaptic cleft but
also increase the amount of excitatory glutamate, which is no
longer metabolized to GABA.25 As a result, its immunologic
blockage by antibodies would eventually lead to a situation
where GABA-glutamic acid was permanently out of balance at
the synaptic level.

In comparison with the ASMs that have beenmade so far, CNB
is a new ASM that offers several unique qualities. Efficacy
findings from clinical trials on patients with DRE have been
particularly encouraging, showing a response rate of 50% in the
number of seizures of 64% and a seizure-free patient rate of
21% when we use dosages of 400 mg per day.27 Its mechanism
of action is dual. On the one hand, it is a powerful blocker of the
permanent current of the sodium channels (INaP), which
makes it different from the rest of the ASM that act on voltage-
gated sodium channels (VGSC).15 In addition, it acts as a
positive allosteric modulator at GABAA receptors both inside
and outside of synapses,16 which we consider of special rele-
vance to our work.16,28 This potent GABAergic action could
theoretically be able to compensate for the GABAergic neu-
rotransmission deficit in AAE with anti-GAD65 antibodies.

Recent studies suggest that concurrent administration of
CNB and CLB may significantly raise the serum levels of
N-desmethylclobazam (N-CLB) through a pharmacokinetic
interaction at CYP2C19 level.29 In addition, this combina-
tion leads to simultaneous inhibition of GABA-A receptor at
2 different sites leading to complementary mechanisms of
action.16

We can assume that this synergistic impact between the 2
medications could support a higher efficacy independent of
the underlying cause. If that were the case, it would be im-
possible to support the idea that anti-GAD65 antibodies are a
form of tailored treatment for AAE. To testing this theory, we
made a comparison with a control group that shared clinical
and demographic traits with the 6 individuals treated with
CNB +CLB but whose etiology was unrelated to anti-GAD65
antibodies showing that the response was also greater than in
this other group of patients.

In a more speculative way, it could be cited as a possible
adjuvant mechanism, the immunomodulatory and anti-
inflammatory properties that have been attributed in general
to VGSC blockers.30

The arguments presented allow us to consider treatment with
the combination CNB + CLB, a type of personalized medi-
cine, in patients with AAE with anti-GAD65 antibodies be-
cause the mechanism of action of the drug seems fully aimed
at compensating for the GABAergic deficit that is supposed to
be crucial in the process of epileptogenesis of these patients.

In any event, it is important to remember that AAE with anti-
GAD65 antibodies is a syndrome that encompasses both
epileptic seizures and other neurologic symptoms (cognitive
impairment, psychiatric manifestations, rigid person syn-
drome, etc). We are unaware of how CNB might affect these
other syndrome symptoms. We know that this ASM had an
impact on mice’s performance in the Morris water maze,
novel object recognition, and object location memory,
according to a recently published study on the behavioral,
synaptic, and cellular actions of CNB.31

Two of our patients (Cases 1 and 2) were a part of an un-
published prospective study to assess the effects of CNB
therapy on her cortical functions. The individual data of these
patient showed that after 6 months of treatment with CNB,
the scores of executive functions improved in both cases and
episodic memory improved in case 2 and remained un-
changed in case 1. These data could suggest some effect on
other aspects of the disease of treatment with the CNB +CLB
combination. Detailed neuropsychological assessment is
provided as supplementary material (eFigure 1, links.lww.
com/NXI/A892 and eFigure 2, links.lww.com/NXI/A893).

The fact that our study was retrospective, the small number of
patients, and the brief follow-up period are its primary limi-
tations. However, this is the first time data demonstrating
CNB’s usefulness for patients with AEE have been published.
New prospective and controlled investigations will be re-
quired to support this retrospective study of clinical data.
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